2-Hydroxyethyl methacrylate-induced apoptosis through the ATM- and p53-dependent intrinsic mitochondrial pathway.
Resin monomers of dental composites like 2-hydroxyethyl methacrylate (HEMA) disturb cell functions including responses of the innate immune system, mineralization and differentiation of dental pulp-derived cells, or induce cell death via apoptosis. The induction of apoptosis is related to the availability of the antioxidant glutathione, although a detailed understanding of the signaling pathways is still unknown. The present study provides insight into the causal relationship between oxidative stress, oxidative DNA damage, and the specific signaling pathway leading to HEMA-induced apoptosis in RAW264.7 mouse macrophages. The differential expression of the antioxidative enzymes superoxide dismutase, glutathione peroxidase, and catalase in HEMA-exposed cells indicated oxidative stress, which was associated with the cleavage of pro-caspase 3 as a critical apoptosis executioner. A 2-fold increase in the amount of mitochondrial superoxide anions after a 24 h exposure to HEMA (6-8 mM) was paralleled by a considerable decrease in the mitochondrial membrane potential (MMP). Additionally, expression of proteins critical for the signaling of apoptosis through the intrinsic mitochondrial pathway was detected. Transcription-dependent and transcription-independent mechanisms of p53-regulated apoptosis were activated, and p53 was translocated from the cytosol to mitochondria. HEMA-induced transcriptional activity of p53 was indicated by increased levels of PUMA localized to mitochondria as a potent inducer of apoptosis. The expression of Bcl-xL and Bax suggested that cells responded to stress caused by HEMA via the activation of a complicated and antagonistic machinery of pro- and anti-apoptotic Bcl-2 family members. A HEMA-induced and oxidative stress-sensitive delay of the cell cycle, indicating a DNA damage response, occurred independent of the influence of KU55399, a potent inhibitor of ATM (ataxia-telangiectasia mutated) activity. However, ATM, a protein kinase which responds to DNA double-strand breaks, and the signaling pathway downstream were activated in HEMA-exposed cells. Likewise, expression and phosphorylation of the ATM targets H2AX and p53 was reduced in the presence of KU55399. Moreover, the percentage of cells undergoing apoptosis drastically decreased in HEMA-exposed cell cultures pre-treated with KU55933. These findings demonstrate that HEMA-induced apoptosis is mediated through the intrinsic mitochondrial pathway as a consequence of p53 activation via ATM signaling upon oxidative DNA damage.